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ABSTRACT

Wnﬂarﬂoceanogra;hlcdatafrmtherearstmreareaofﬂxeBeaufortSeaalorg
the north coast of Alaska between Pt. Barrow and Demarcation Point were
identified, catalogued, and, where possible, acquired. Selected current
recordsfranseve:.-aldlffererrtyearswereamlyzed and the relation between
winds and nearshore currents and between nearshore and offshore (represented by
Beaufort Sea Mesoscale Circulation Study) currents was investigated. Nearshore
cxrent records were from the open water season and primarily fram depths of
6 m or less. Current meter data obtained shoreward of the barrier islands were
excluded fram the analysis because of shallowness and the sheltering effects of
the islands.

A total of 56 data sets, collected duwing the period 1948-1989, were cataloged.
of these, 29 data sets (same incamplete) were acquired and incorporated into
the project data base. The bulk of data acguired was fram oil campany
sponsored studies in the Prudhoe Bay/Stefansson Sound regl on. NODC provided
addi tional data sets. Attempts t 0 acquire the remaining data sets were
unsuccessful due to proprietary constraints and data inaccessibility.

Camplex Ieqgression anal yses showed that the Wi nd accounted for approximately
40 to 50 percent of the variance of the nearshore currents measured at sensor
depths of 3 morless,and narkedly | ess at sensor depths greater than 3 m.
Camparison of Current records frail similarlocations and depths indicated
camparable wind-explained variance from year—to-year Current direction was
strongly rectified by bottom topography and proximity to the coastline.
Current fluctuations consistently lagged the wind by one to three hours.
Current spectra were often inconclusive, but generally indicated energy in
the 3- to 8-day period range, which includes neteorol ogical tinme scales. Tides
did not constitute a significant source of signal variance. Current records
were not adequate to identify and study other potential sources of amrent
variability such as trapped waves or instabilities.

Comparisons between hearshore and of f shore open water currents were limited by
the very small mumber of current meter pairs available. In one camparison of
1987 data, nearshore axrents were highly Correl ated (r=0. 66) w th currents
70 km of fshore amd | ed of f shore amrents by 14 hours. The hi ghest ccherence
between the currents was at a frequency of 0.0274 cph (37-houar period). For
the period fram |ate July to early September 1987, the nearshore currents were
hi ghly correlated with Resol uti on Island winds (r=0.91 at lag=2 hours), while
t he offshore currents were |ess strongly correl ated with the winds (r=0.69 at
lag=16 huns). It is not clear whether the marstwre/offs.twre Current corre-
lation in this particular case was due to direct wind forcing of both orto

a canbination of direct and indirect meteorological forcing. while t he
pericdicity of 37 hours for maximm ccherence seens short for atmospheric
phenamena, no other dynamic mechanism is evident fram the data.
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1. 0 INTRODUCTTION

1.1 OBJECTIVES

Exploration and production of o0il from lease-sale areas off the north coast of
Al aska have prampted a large mmber of studies of the Beaufort Sea enviromment
by both goverrment and private industry. As a result of these investigations,
a significant oceanographic database exists for the nearshore Beaufort Sea
(depths <20m) as well as for regions farther offshore over the shelf and sl ope.
Results of the recently-completed Beaufort sea Mesoscale Circulation Study
(BSMCS) (Aagaard et al ., 1989) provide a val uabl e contribution to the dat abase
and t 0 knowledgeof | ong-term syn(\)/\ﬁti C ocean Circulation and relation to the
wi nd beyond t he nearshore area. il e the BMCS data have been analyzed and
interpreted, much of the data from the nearshore area was collected for
descriptive purposesand has not been subjected to r i gor ous anal ysi s.

The first objective of this work is to identify and compile existing current
meter, hydrographic, and meteorological data from the nearshore area of the
Beaufort sea. The secord is to analyze existing datato investigate the

rel ati on between currents i n the nearshore area and winds. The third is to
relate the nearshore circulation results wth those of the offshore-oriented
BSMCS. The area of study extends from Point Barrow, Alaska to Demarcation
Point (see Figure 2-1).

1.2 GENERAL QOASTAL CURRENT REGIME

Aagaard (1984) examined circul ation over the shelf and sl ope of the southern
Beaufort Sea and i ncluded a brief background description of the coastal current
regime. The description presented here draws heavily from Aagaard (1984) and
is neant to provide a context for considering the results of various analyses
detailed in this report.

There is ample evi dence of wind-driven circul ation in the immer shelf area,
particularly during summer. In general, water movement is westward under the

i nfluence of easterly winds, al though fluctuations in current direction reflect
fluctuations in wind direction. Nearshore circulation also responds to
seasonal riverine input during the warm season and brine rejection during the
cold part of the year, and the resulting density-driven currents modify the
wind-driven circul ation and circulation due to large-scale pressure gradients.

Presence of ice cover suppresses Ki netic ensrgy levels in currents over the
inner shelf relative to those in summer during open water. Even so, there
appears to be a weak metecrologically-driven f| ow camponent during winter.
This flow camponent is likely a Conbi nati on of direct wind stress and coastal
setup.
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Seaward Of approximately the 50-m isobath is a relatively strong eastward
current that Aagaard (1984) terms "the Beaufort undercurrent." It isS
speculated that the f | OW extends from the near surface to the bottom between
the 50-- 2500-m isckaths. The surface circulation isof mean westward
motion and represents the southern edge of the anticylonic gyre in the Canadi an

Basin of the Arctic nean.

Previous fnvestigations have not detailed the transition and cammnication
between the inshore or nearshare regime and circulation farther of fshore. The
encroachment of ice remains a form dabl e obstacle t0 obtaining adequate data
records. A small mmber of individual current records indicate substantial
cross isobath water motions between the of f shore and nearshore regi mes, so that
there is potential for exchange between the two regi nes.

1.3 ORGANIZATION OF TH S REPORT

The structure Of thi's report reflects the near-independence of the three
objectives. Three primary sections describe the work associated with the three
objectives and are intended t0 stand alone, | argely independent of each other.
Wthin each respective section, nethods, results and discussjon, and other
pertinent details are presented.Thecamprehensive summary condenses the
resultsof all three project aspects, andashort Recommendations section

follows .

158



2.0 CATION, DOCUMENTATION, COMPTTATION, AND EVATUATTON

2.1 METHODS
2.1.1 Data Identification

This element of the program included a camprehensive review of oceanographic
literature, project reports, data reports, and existing p.lblisl'_led data
inventories for the nearshore Alaska Beaufart Sea region. Basic procedures
involved manual and automated literature searches, and direct inquiries to
appropriate investigators, agencies (federal, state, and local), academic
institutions, and private organizations (e.g., oil campanies, consulting firms)
known to have conducted stiidies in the region. More than 150 published and
unpublished references were screened as possible sources of information on
historical data sets. Fram all of these sources, a list of past experiments
in the region was generated, and served to target the data sets to be sought
for incorporation into the project data base. Approximately 80 references
containing relevant information on the data sets uncovered in this search are
listed in Section 8.0. 2An additional useful resource in this task was an
arctic data campilation and appraisal report prepared by the Canadian Institute
of Ocean Sciences (IOS) (Birch et al., 1984). ‘

2.1. 2 Dat a Documentation

The data docunentation step included acquisition of information on where, when,
why, how, and by whom i ndi vi dual data sets were collected. Foreach of the
data sets identified, all available information of this type was extracted from
the reference material or via direct contact with the original investigator(s).
Aseries of standardi Zed data set documentation forms was used to record the
information. Individual data sets were inventoried according to | ocation
within the study region and types of data coll ected, as described below.

Although NOAA'S primary “interest in this program was the integration of histor-
ical measurenments inshore of the 20 m isocbath, a larger area encompassing the
entire Alaskan Beaufort Sea continental shelf was adopted in the identification
and documentation phases of the study (Figure 2-1). This was done because

the nearshore measurements were often part of larger scale continental shelf
experiments, and it was felt that without the entire picture, the relevance of
certain data sets might be lost. Five subregions within t he overall study area
were defined for the purpose of documenting the |ocation of data collected in
past experiments. These subregions were delineated partly 1 the basis of
geographic features (. e., major bays and capes), and partly on the pasis of
known concentrations of past oceanographic activity.

Data types documented included current meter (moored and profiling), Iagrangian
drifter, hy-ssssshic (temperature and salinity), sea level (tide gauge), and
meteorologic. For sea level and neteorol ogi c data, only those data sets fram
temporary stations installed as part of discrete esperiments were documented in
this study (i.e., lomg-term station data from permanent weather Stations or NS
ti de stations were not documented).
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The final aspect of the documentation task included listing pertinent references
for each data set go that subsequent investigators will be able to | ocate more
information on a particular data set if desired. These key references were
selected from the full set of references uncovered during the identification
task (see section 2.1.1 above).

2.1.3 Data Compilation

Dat a campilation consisted of the acquisition, organization, ad reformatting
of all available historical data sets identified by the study. Data sets
available in digital format on camputer storage media were the primary target
for acquisition, although in a few cases, optical scan-digitization of hardcopy
tabular data |isti ngs allowed mcorporatmn of data __ previously

avai | abl e on computer media.

The camputer system selected for storage and manipulation of the project data
base was a 386 microcamputer, equipped with a 322 megabyte hard disk and a 150
megabyte streaming tape cartridge backup system. Data received on 9-track
magnetic tape were read temporarily onto a VAX 11/780 camputer, then downloaded
to the 386 microcamputer. Each incoming data set was reformatted to standard
NODC format (if necessary), then copied into permanent data directories
organized by year, experiment, and data type. The data base was pericdically
backed up using the cassette tape storage backup system.

Since a consi der abl e volume of data was available fram the National Oceano-
graphic Data Center (NoDC), it was decided 5 ghip the 386 microcamputer to

NoDC for the purpose a direct data transfer from t he NODC archives to t he hard
disk on the 386. Approximately 50 megabytes of data were obtained fram NODC in
this mamner. The types of data transferred included: cwrent meter resultants
and components (file types FOO5 and F015), | ow and high resol ution s/cm (file
types CO02 and F002), lagrangian drifter (file type F156), Nansen bottle cast
(file type CLOO), sea level (pressure gauge) (file type Fo17), and wind (file
type F191) .

A large volume of historical data fram the Prudhoe Bay/Stefansson Sound region
already on hand in the Ebasco Envirormental dat a archives was transferred into
the project data base, as were a mmber of smaller data sets acquired fram
individual investigators or fram scan-digitization of tabular listings in
reports.

Finally, although the data collected during the BSMCS appeared to be camplete
in the NODC holdings, a separate data transfer of all data collected during that
experiment was accomplished by direct access to the NOAA/PMEL camputer system.
In this manner, the completeness of the BSMCS data set was assured.

The volume of oceanographic and accampanying meteorologic data fram all sources
acguired during the compilation phase of this program was approximately 90
megabytes
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Additional effort was expended in attempts to track down and acquire data sets
not readi |y available fram the sources noted above. Despite these efforts,

many of the known historical data sets remained unavailable, due to proprietary
constraints or data inaccessibility. These restrictions arediscussed further

in Section 2.2
2.1.4 Dat a Evaluation

One of the secondary goals of Task 1 of this was to include, with the
data set documentation, a subjective estimte of the data quality (i.e.,
accuracy, completeness, consistency) ‘inherent in each data set identified. A
mmerical data quality rating scale developed by the 10S (Birch et al., 1984)
was intended for use in this effort.

Unfortunately, the unavailability of a large mumber of historical data sets,
carbined W t h incomplete documentation On exper imental net hods, data proces-
sing, and quality control on many others | ed us to conclude that such a
mmerical eval uation would be ineffective. I n their arctic data inventory,
Birch et al. (1984) did assign nunerical ratings to each data set, hut inmany
cases the mumber Qi ven was 2, which was their designation f or indeterminate

dataqual i ty.

During the course of the data anal yses conducted in Task 2, an eval uation of
each data set used was made dQuring preparation of the data for input into the
analysis routines . Some data quality probl ems became apparent in t hese
evaluations . These are noted in Section 3.2.

2.2 RESULTS AND DISCUSSION

The number of data sets uncovered during the identification phase exceeded OUr
expectations. Same of these data sets were relatively small and cbscure. One
cannot, however, categorize such data as insignificant, since in this data
sparse region, even a limited data set may provide key information on spatial
and temporal variability. Furthermore, same of these data sets were poorly
documented and presumably unknown to many contemporary arctic investigators. As
such, they have the potential to shed new light on results derived fram nore
recent studies, and may guide planning efforts for future field experiments.

A total of 56 distinct project data sets encampassing physical oceanographic
data from some part of the study area were identified. The earliest documented
experiment occurred in 1948 and the most recent in the sumer of 1989. Table
2-1 summarizes t he avail abl e information on each of these data sets, including

sampling areas (refer to Figure 2-1 for sabreiicm), data types, and data
status (archival status and availability). reference is listed to direct

t he"interested reader to a source of further information on the experiment

(except in a few cases where no amrcgriate reference was found). For ease
of association, each experiment has Deen named according to common usage (e.g.,
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Table 2-1. Summary of project data set information. Subregion designations areas shown in Figure 2-1. Data type abbreviations areas follows:

H = hydrographic, C = current meter, D = drifter, P.= current profile, M = meteorologic, S = sea level,

Project Subregions

Name/Year Reference Sampled Data Types Data Status

COAST GUARD 1948* None found 1 H NODC; project data base

NAVY 1950 U.S. Navy Hydrographic 1,2,3,4,5 H NODC; project data base
Office (1954)

NAVY 1951 . Mountain (1974) 1,2,3,4, H NODC; project database

COAST GUARD 1955 None found 1,3,4,5 H NODG; project database

NAVY 1955* U.S. Navy Hydrographic 1,2 H NODC; project data base
Office (1958)

NAVY 1956 U.S. Navy Hydrographic 1,3 H NODGC; project database
Office (1960)

NAVY 1957 U.S. Navy Hydrographic 1,2,3,4,5 H NODGC; project database
Office (1959)

NAVY 1958 U.S. Naval Oceanographic 1,2,3,4,5 H NODC; project database
Office (1963)

NAVY 1959’ U.S. Naval Oceanographic 1,2,3,4 H NODC; project database
Office (1963)

NAVY 1960* U.S. Naval Oceanographic 1,2,3,4 H NODC; project database
Oftice (1964)

PAQUETTE 1960’ Paquette and Bourke 1,2,3 H NODC; project database
(1974)

KINNEY 1968-69* Kinney et al. (1970) 1,2,3,4 H NODC; projectdat a base

KINNEY/DYGAS 1970-72" Dygas (1975) 2 C,D,M unavailable

MIZPAC 1971 Paquette and Bourke 1,2 H,C unavailable ©@

(1974)
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Table 2-1. (continued)

Page 2 of 4

Project Subregions
Name/Year Reference Sampled Data Types Data Status
WEBSEC 1971* Hufford (1973) 1,2,3,4 H,C NODC; project data base (H only)
WEBSEC 1972* Hufford (1975) 1,2,3,4 H,C NODC; project database (H only)
WISEMAN 1972* Wiseman et al. (1973) 2 D,M unavailable ()
WEBSEC 1973* Homer (1981 ) 1,2,3 H unavailable (€)
HORNER 1974* Homer (1981) 1,2,3,4 H NODC; project database
BARNES (1971-76) Barnes et al. (1977) 2,3 H,C,S unavailable ()
GARRISON (1973-77)* Garrison et al. (1979) 1,2 H unavailable (2)
0CS1CAUAWA% 1975* Callaway and Kobfinsky 3 S unavailable (4

(1976)
BSIMS 1975-76 Oceanographic Services 2*3 C,M unavailable (1)

Inc. (1976)
OCS/AAGAARD 1975-80* Aagaard (1984) 2,3,4,5 C.H ?n?o%?): project database
OCS/HORNER 1976-78* Homer (1981) 1,2,3,4,5 H unavailable (6)
OCS/CARSEY 1976” Carsey (1 977) 1,2,3 M NODC; project dat abase
WEST DOCK 1978-77 Grider et al. (1978) 3 H unavai | abl e
OCS/MATTHEWS 1977-81'  Matthews (1981) 2 H,C,P,S NODC; project database

(1977 and part of 1978 -C only) 4

MIZPAC 1977* Paquette and Bourke 1 H unavailable @)

(1978)
OCS/LEAVITT 1977* Leavitt (1 978) 2,3,4 M NODC; projectdat a base
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Table 2-1. (continued)

Page 3 of 4

Project Subregions

Name/Year Reference Sampled Data Types Data Status

OCS/MUNGALL 1977+ Mungall et al. (1978) 2 H unavailable )

MIZPAC 1978* Paquette and Bourke 1 H unavailable ®
(1979)

WEST DOCK 1978-79 Chin et al. (1979) 3 H,C,D unavailable 4

OCS/MUNGALL 1978* Mungall et al. (1979) 2 H,C, D unavailable ¢4

OCS/KOZO 1978-80' Kozo (1981) 1,2,3 M NODC; project data base

BEAUMOP 1978-83 Oceanographic Services Inc. 3 H,C,M,S unavailable (‘W)
(1979)

REINDEER IS. 1979 Northern Technical Services 3 H,C, M unavailable (1)
(1981)

OCS/WILSON 1979-80" Wilson et al. (1981) 2,3 D unavailable )

SAIl 1980* None found 1,2 H unavailable 4)

MURPHY 1980-81" Murphy et al. (1983) 3,4,5 D unavailable (6

GREISMAN 1981* Greisman and Blaskovich 3,4 H, C unavailable 4
(1984)

OCS/WILSON 1981 . Wilson et al. (1981) 1 H, C unavailable @

DUCK 1S. 1981 Colonell and Weingartner 3 H,C,D, M, S unavailable (@)
(1982)

YO191 1981 Toimil and England (1982) 3 C unavailable (6

OLIKTOK 1981-82 Woodward-Clyde (1983) 2 H,C, M, S unavailable ©)

WATER FLOOD 1981 . Mangarela et al. (1982) 3 H,C,D,M, S unavailable )
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Table Z-l. (continued)

Page 4 of 4
Project Subregions
Name/Year Reference Sampled Data Types Data Status
WATER FLOOD 1982-84* Savoie and Wilson (1986) 3 H C,M, S project data base
PRE-ENDICOTT 1982 Britch et al. (1983) 3 H,C,M, S project data base
OCSHACHMEISTER 1982 Hachmeister and Vinelli 5 H, C NODC; project data base
(1983)
TERN IS. 1982 Northern Technical Semites 3 c project data base
(1983)
MUKLUK 1983-84 Northern Technical Services 2 C project data base
(1985)
LISBURNE 1983-84 Beny and Colonell (1985) 3 H,C,D,M,S project data base (except H - 1984)
ENDICOTT 1985-87” Short et al. (1988) 2,3 H,C, D, P MS project data base
ENDICOTT 1988-90* Morehead et al. (1990) 3 H,C,M, S unavailable ()
OCS/BSMCS 1986-88* Aagaard et al. (1989) 1,2, 3,45 H,C,D,M, S NODC; project database
ANWR 1988-89" Fruge et al. (1989) 4.5 H,C,M project data base (1988 only)
® Collected under U.S Government agency funding or regulation.
For unavailable data:
(1) Data unavailable due to proprietary restrictions or excessive cost.
(2 Investigator or institution indicated that the data are inaccessible or would require excessive effort to locate and retrieve.

(3) Investigator indicated data sent to NODC, but not found in the archive.

Investigator or knowledgeable party could not be reached.

4)
(5) No response received to request for data.
(6) Data not archived in digital form.




MJZPAC, WATERFLOOD, BSMCS) where such exists, or by the investigator/institu-
tION that conducted the experiment. In same cases, one experiment was hroken
down into two ar more data SELS, if the principal investigator(s) or some
other naj or aspect of the experinent changed (e.g., ENDIOOIT 1985-87, ENDICOIT
1988-89) . Those experiments that were elements Of the OCSEAP program were
designated by the prefix %ocs". A total of 43 of the 56 data sets (77 percent)
were either funded or controlled by public agencies.

Of the 56 documented data sets, only 21 were present in their entirety (or
nearly so) in the NODC holdings. | N one additional case (OCS/MATTHEWS 1977-81)
only a small fraction of the data known to have been collected was found in the
Nooc data base. An additional seven data sets (sine incomplete) were acquired
from other sources. Tws, 27 of 56 documented data sets were unavail able for
acquisition. The reasons for the unavailability of these data sets generally
fell into two categories. First, in some cases it was either impossible to

| ocat e the original investigator(s), or if located, the investigator indicated
that the data set was no longer accessible. Second, many of the data sets
collected by private funding sources (primarily oil companies) were unavail able
due to proprietary constraints. In such cases, the fundi ng company or

campanies maintains confidentiality on the data for a specified mmber of years
(tyP| cally 10). Even when the restriction is lifted, an exorbitant cost may
still be imposed for anyone wishing to purchase the data. These proprietary
restrictions generally applied to studies conducted in conjunction with oil
exploration activities (e.g., BEAUMOP), but not necessarily to privately funded
monitoring studi es associated with EIS assessments Or pennit regquirements for
0i | development activities (e.g. , WATERFLOOD, ENDICOTT, LISBURNE) .

Certain of the missing data sets, due to their documented extensive data
coverage in space and/or tire, were deened high priority for additional efforts
at retrieval. These efforts, within the scope of the present study, net with
limted success. |f additional data compilation efforts are attempted in the
future, it is suggested that special attention be given to the l|ocation,
retrieval, and incorporation of the followi ng high priority data sets into the
avail abl e public record: OCS/MATTHEWS (1977-81); BARNES (1971-76); BEIMOP
(1978-83) ; and ENDICOIT (1988-90).

The absence of the OCS/MATTHEWS 1977-81 data set deserves special. note.
According to Matthews (1978, 1.979, 1980, 1981), more than 35 current meter
deployments were carried out in the Simpson Lagoon area during this five-year
period. Several of Matthews' deployments resulted in | ost instruments with no
data recovery. Only data fram 1977 and 1978 were present in the NODC archives,
and upon cl ose inpaction, even they proved to be unusable due to sampling or
recording interval problens. Several of Matthews' data tapes, provided by the
University of Alaska, were found t 0 be indecipherable, even by the current
meter manufacturer. The | 0ss of Matthews' data is an unfortunate and
disappointing gap in the historical data record.
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3.0 DATA ANAIYSTS AND INTERPRETATION

3.1 METHODS

3.1.1 Data Inmput/Output Management
3.1.1.1 standard Imput For mat

InView of the variety of formats of obtained data sets, NODC data format was
chosen as a standard i nput format, and each anal ytical program ancluded a
subroutine that served as the data |nput section. This subroutine accepted

parameters that sel ect ed oceanographic Or metearological fornmat and wote
header information to the comuter file defined to accept computed results.

3.1.1.2 Interactive Input of Parameters

Anal yti cal programs included astandard input query sequence. Analyses
required itens of information such as file names for selecting_particul ar data

records, datatype, desired vel ocity component, whether or not to rotate into
princi pal axis orientation, total number of data points t0 interpolate for fast
fourier transforns (FFT's), and smoothing intervals for output plots. For ease
of use of the programs even by individuals unfamiliar with the routines, the
decision was made to use an interactive exchange rather than require modifi-
cation of an input file for each analysis run*

3.1.1.3 Real -tine on-screen Plot Display

A real-time on-screen plot display feature allowed the amalyst to display
output plots on the computer screen UWpon completion of camputer runs. This
feature pl ayed an extrenely ‘important role in previewing the results of the
large number of analytical runs required by the program ‘Ibis preview al | oved
the option of re-specifying i nput parameters t0 improve the infornmation content
of plots and computed results before producing hardcopy output. |t also
improved data anal ysis efficiency by providing immediate results that coul d

be used t0 choose subsequent avermes of anal ysis of a given suite of data.

3.1.1.4 Production of output Disk Files

Output sections of al| programs wrote both computed and graphical outputs to
user-specified disk files. The feature provided results for record inan
easily readable format and files of plot instructions that could be used to

make nul tiple original copies of graP S W thout rerunning analytical prograns.
Plot files were of two types, one of instructf ons for a Hewlett-Packard model

7475A pen plotter and the other of instructions for an Imagen | aser printer.

Output disk files were intended as a means of maintaining permanent records of
results of aII the various computer runs.
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3. 1. 2 Data Manipulation
3.1.2.1 Conversion to NODC Format

vany Of the dat a SEtS cbtained were in non-standard formats and required

conversion into NODC format before analysis.Programs for each different
format conversion were written in ¢ and produced autput files of header

information and data in either oceanographic Or meteorological NODC format.
3.1.2.2 Checking for Missing Data

MiSSiNg data in criginal data sets were entered either as blanks F a5 entries
of - 999* “depending on the source. Format conversion routines scanned for
either type of entry and wrote =999 as the entry for any missing data. The
data records that were chosen for analysis were then edited to search gyt any
-999 entries. very few bl ocks of mssing data were found. Data records were
trunca if a block fell near either end, and in one case, missing data fron
one data record (1985 Resolution Island MET data) were replaced by two Dbl ocks
of camparable data (Deadhorse MET data) slightly longer than 24 hours.

3.1. 2.3 Subsanpling

A sampling rate of one hour was selected as standard for all data used by the
program Same of the data sets obtained had sampling intervals other than

ane hcur . Those data sets were subsampled to yield time series with one-hour
sanmpl i ng interval at the top of each hour.

3.1.2.4 Truncating

Data SEtS contained time series of vari ous lengths. Time series were
truncated, ejther beginning or end, in order to achieve start times and record
lengths matching other records with With correlations or other joint calcula-
tions were made. Calculations made with individual records generally used the
entire record length as long as the record corresponded approximately with
typical deployments in a given data set. Where specific calculations were
desired for a given time series for an interval concwrrent with another data
record, only the correspondingsegment was used, regardless of record length.

3.1.3 Selection of Data Sets for Analysis

3.1.3.1 Oceanographic Dat a

Quxrrent meter records selected fOr analysis came fram the years 1982and 1984
through 1988. The criteria considered when selecting data sets for analysis
included length of record, geographic | ocati on. concurrence with other data
records on the same mocring, and existence of records fram the same location
in successive years. Only current meter records from the open water season
(mid/late-July to mid-September) were available and were thus limited toa
maximun of about eight weeks. Many were shorter due to instrument malfunction
or damage. Preference was given to longer records for analysis. In view of
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the shall ow depths (| -2 m) i nside the barrier islands, t he strong constraint
i on current direction by lateral barriers on two sides, and the
sheltering effect of barrier islands agai nst offshore motions, current records
fram outside the barrier islands were given preference. potential for
investigating the variation with depth of cmrent response to wind forcing

| ed, whenever possible, to the choice of vertically separated current records
fram the same mooring. Current records separated either in the alongshore
or offshore direction were chosen in arder to investi gdte the presence of
propagating sicnals not directly attributable to local wind forcing. In
summary, current records selected for analysis were chosen on the basis of
potential far investigating current-wind relationships and illuminating other
dynamical processes that might contribute to current variability in the
nearshore area.

3. 1. 3. 2 Meteorological Data

Met eorol ogi cal data sets were chosen on the basis of proximty to (and con-
cxrence with) the sel ected current records. For current records fram the
Prudhoe Bay area, the f irst choice for wind-cwrrent analyses was Resol ution
Island, Slightly northeast of Prudhoe Bay. Winds from Deadhorse and Gull
Island were also used. For the analysis of 1988 current meter data from
Camden Bay, wind data were from a temparary Net eor ol ogi cal recording shore
station south of Camden Bay.

3.1.4 Analytical Tools
3.1.4.1 Autocorrelation

lagged autocorrelations were cal cul ated for most of the data records. One USE
of ~autocarrelations was to estimte the approximate time interval necessary
for current motions to be independent. A second was to supplement the results
of autospectral calculations by means of lending visual. confirmation for
spectral peaks, but perhaps the most important was simply t 0 provide a simple
descriptive representation of the frequency content of a given current record.

The autocorrelation routine comes fram Bendat and Pi er Sol (1971, chapter 9).
Ninety-f ive percent confidence limits were calculated using the Fischer
z-transform (Otnes and Enochsocn, 1978) and were plotted as dashed lines on

the ocutput graphs.
3.1. 4.2 Cross Correlation

Lagged cross correlations ware calculated between winds and currents and
between selected current record pairs. The basic routine is analogous to
that for autocorrelation, with the exception that both negative and positive
lags were used.

Cross correlations were used to investigate the |ead/|ag relation between
pairs of data records, particularly winds and cwrrents. In addition, cross
correlations provided evidence of periodicities at which winds and currents
or axrent record pairs were potentialy related.
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3.1.4.3 Autospectra

Autospectraareﬂxefreque:nydmamcamterpartsofautocorrelatlasmﬂ
yield an estimate of the distribution of variance as a function of freguency.

Autospectrawerecalmlatedform:danianrentsmordertoﬂentlfy
frequencies at which energy associated with fluctuations was concentrated,
thus to aid in isolating potential dynamic mechanisms.

Spectra were estimated by linearly interpolating data series to an integral
mltiple power of 2, tapering by applying a half-cosine bell to the first and
last 10 percent of the data series, calculating the Fourier coefficients using
an FFT routine, and then manipulating the coefficients to produce spectral
estimates. The artificial production of high freguency information by inter-
polation was inconsequential because freguencies of signals of interest were
tidal and lower and because there was very little energy to begin with in
signals with time scales of a few hours or less.

Spectral plots were smoothed using a boxcar window whose width varied loga-
rithmically with frequency (Irish et al., 1976). Thus, at | ow frequenci es,
very few successive spectral estimates were averaged together, and t he mmber
I ncreased with increasing frequency.

3.1.4.4 coherence and Phase

Coherence ard phase calculations are the frequency damain counterpart of cross
correlations. The coherence calculations represent the | oint distribution of
energy of two data series as a function of frequency, and t he phase cal cul a-
tions quantify the lead/lag relation of two data series also as a function

of frequency. \Wile cross correlation gives an indication of the overall
relation of two time Series, coherence and phase cal cul ations isolate
particular frequencies at which the rel atedness is strongest.

Coherence and phase routines follow a method presented in Jenkins and Watts,
1968, chapter 9. Co- and quad-spectra Were calculated fram Fourier

coeff icients (computed as ?uar autospectra) and then mampllated to cbtain
esti mat es of coherence and phase. These were smoothed using a fixed-length
linear boxcar window, the 95 percent confidence limit for coherence deter-
mined, and finally, the results plotted against a |inear frequency scale.

3.1.4.5 Rotary Spectra

Rotary spectra were calculated in 3 limited mumber of cases. As the name
implies, this type of analysis investigates the rotational nature of a given
vector time series, yielding the energy in clockwise and counterclockwise
motions as a function of@ {-;|=-y This technique is useful in examining
possible dynamic mechanisms as sources Of observed variability. For ihstaance
inertial motions in the northern hemisphere would show up as a concentration
of energy in clockw se rotations as opposed to counterclockwise rotations.
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The routine is based upon the method of Gonella (1972) and Mocers (1973). The
foundation for calculating rotary spectral densities rested upon manipulating
the Fourier coefficients for the U and V wvelocity camponents of a given
record. The rotary spectral densities were then smoothed using the same
techniques as f or autospectra and plotted as solid and dashed lines against

frequency on a single graph.
3.1.4.6 Complex Linear Regression

Camplex linear regression is the regression of one vector time series onto
ancther. It is used to recover the fraction of variance of one time series
(dependent vari abl e) that isaccountable by a linear relation to another
(independent variable). The technique also produces a scale factor relating
the speeds and an angle relating the directions of the two vector time series
(the indraft angle). Camplex regression was one of the primary tools used to
examine the relation between wind and currents and between pairs occurrent
and wind records. ‘The program produced a file of camputed results, kit no
graphical output.

3.1. 4.7 Rotation into Principal Axis Orientation

All analytical program included a query option of rotating input time series
into principal axis ori ent ati on bef ore performing computations. Rotation into
principal axis orientation neans rotating the coordinate system so that one
axis lies in the direction of maximm current variability, and the other |ies
perpendicular to it. The convention used throughout was that the velocity
camponent he the direction of the principal axis was termed the U camponent,
and that perpendicular was the V camponent. This option was exercised as a
matter of consistency, since the proximity to the coastline and shallow dept hs
generally constrained current “directions. Thus, comparisons bet ween u
camponents of time series had a consi stent meaning regardless of the actual
geographical orjentati on of the coordinate system

3.2 SUMMARY AND ASSESSMENT OF ANALYZED m
3.2.1 1982 Data

Data records fram four cwrrent meters deployed as part of a basel i ne study
near the mouth of the Sagavanirktck River (Britch et al., 1983) were chosen
for analysis éH gure 3-1, Table 3-1). For the deployment.mt._rval,
metecrological data used were from a recording station on Resolution Island,
anblartifi)cial drilling island within 3 to 11 km of the moorings (Figure 3-1,
Table 3-1).

One probl em that immediately becane apparent from cross correlations between

wind and amrrent records and between current record pairs was that start times
listed for moorings 11 and 13 were incorrect and of fsef by slightly mare than
two days. Cross correlations between 14, L5 and the wind indicated apparently
carrect listed start times for those two amrent time series. Under the

assumption that L1 and L5 were in phase because of their close proximity, as

172



€LT

— 3 g o g TN 8 g
= : o T : :
=N - 0 / B ' -
+ o+ \ -+ + ! ! + P A f.‘_\J'_II + - - + 4
~ “ C‘ﬁ
j\.\ e Voal = {
rof2e} T 4NN -L\\\"I\ 2 1 e 1 L o ez
. T S T Ty
s %\ - sl \
-+ Rk - -+ -1-\ + 4 + 00 ok . .
. Resolution ~. e

P o

~

v \ lsrém_g.,. 1 ‘\_\ jronee

+

70°1 Qfl, N

Jrocte

70°14:*_
8CALE SCALE
KLOMETERS NAUTICAL MILES
i 1 . L it I -t 4 -t -1 - I A=

Figure 3-1. Location of 1982 current meter and meteorological data records selected for
analysis.




Tabl e 3.1. Details of current records and meteorological data, 1982

File name is the name of the computer disk file for
the data and identifies each respective data record
on output plots and camputed results files.

Current Record Mooring Iocation _Depth (m)
[l File Name Begin End Iatitude Iongitude sensor/bottom
(N (W)
11 11.C82 07/29 1100 09/13 0600 70%1. 9! 147056.7 * 3.0/5.0
13 13.C82 07/31 1900 09/13 0600 70°19.7° 147°47.01 3.0/5.0
14 I14.C82 07/31 1200 09/15 0800 70°18.3! 147°48.81 1.0/2.0
15 15.C82 07/30 1700 09/15 0800 70°21.41 147%s9.0! 1.0/2.0

Resol ution Is
Met Data RI.W82 06/21 1800 09/15 1400 70°22.31 148°03.11
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were 13 and 14, start times for 11 and I3 were adj usted by 53 and 57 hours,
respectively, based upon the results of cross COrrelation calculations. This
adjustment approximately aligned the data points of the four time series and
campensated fOr t'he 'incorrect times associated with the acqu.u:ed 11 and L3
data. Even so, the potential errors i n adjustments to start times are 1-3
hours, Wth corresponds t 0 typically observed phase lags between winds and
cxrents anal yzed for this project. Thus, N0 strong conclusions were
attempted on the basis of cross-calculations between L1, L3, and the wind.

3.2.2 1984 Data

Three current inter recordsfram 1984 were chosen for amalysis (Figure 3-2,
Table 3-2). They were obtained during a monitoring program in the Prudhoe Bay
area (Berry and Colonell, 1985) . These three current records were from
deploymentsthatwereamngtlwdeepst i n the nearshore area and provided

si nul t aneous measurements separated in both alongshore (132 and 136) and
cross-isobath (132 amd 134) directions. There were no gaps in the records and
no apparent discrepancies in start times. However, the subsequent data repert
(Berry and Colonell, 1985) indicated that all three moorings had been struck
and dragged by ice. simple cal culations showed that the vector-averaged
mooring velocities were 0.5 an/s for L34 and 0.2 cmis for 132 and 136. These
are comparable t0 the cbserved vector-averaged velocities, and therefere,
relative velocities induced by mooring movements bi as investigations of neans
for these records. ©On the other hand, the contribution from mooring movement
wll not greatly affect spectral results, since #e means are removed before
conmenci ng calculations. In view of the spatial distribution and of the
validity of spectral calculations in spite of mooring translations during the
deployment ‘imtervals, these current records were included in the anal ysis.

Met eor ol ogi cal observations from Deadhorse Al rport were used in the anal ysis.
Met eor ol ogi cal data were al so available from Gull Island, located in the north
part of Prudhoe Bay. Camplex regressi on calculations between the two data
sets Heated that wind directions at the two locations differed by only
seven degrees, and that Qull Island wind speeds averaged about 70 percent of
Deadhorse wind speeds. Gull Island winds led by one to - hours. Deadhorse
winds were selected on the basis of longer record overlap Wi th the amrrent
records and continuocus year-to-year coverage, should current predictions for
the general area covered by the three mooring locations mentioned above be
attempted for other years.

3.2.3 1985 Data

Numercus crrent meters were deployed in the Prudhoe Bay area éuring the 1985
open-water season as part of the Endicott Envirommental Monitoring Program
(Hachmeister et al., 1987). Many yielded short data records, same were
deployed in water 2mor1$sdeep and same were located inshore of a marmade
gravel causeway stretching several kilameters alongshore and connected t O
shore by ancther causeway with several breaches in it. Three current records
were included in the analysis (Figure 3-3, Table 3-3). Two of the current
records (ED2 upper and lower) provided an opportunity to study vertical
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Table 3.2 Details of current records and meteorol ogi cal data, 1984

File name is the name of the computer disk file far
the data end identifies each respective data record
on output plats and camputed results fil es.

current Record Mooring Iocation Depth (m)
. D File Nane Begin End Iatitude Iongitude Sensor /bottom
(N W)
132 L32 . c84
or 132 .s84 08/ 06 0600 09/17 2200 70%26.3' 148°36.1' 4.6/6.4
134 134.C84
or I34. S84 08/05 0500 08/29 0800 70°28.3' 148°28.5' 7.3/9.1
136 136.C84

or 136.s84 08/06 0200 09/12 0500 70°21.4' 147%6.6' 4.6/6.4

Deadhorse Al rport
Met Data DH.we4 06/ 01 0100 09/30 2400  70°11.92' 148°26. 47’

@ll Island
Met Data GI.ws4 06/ 22 0100 09/15 1500 70°22.0 148%43.9!

Table 3-3. Details of current records and meteorological data, 1985

File nanme is the name of the computer disk file for
the data and | denti fi es each respective data record
on output plats and camputed results files.

Current Record Mooring Iocation Depth (m)
|. D File Nane _ BeYin End Iatitude Iongitude sensor/bottom
(N (W)
ER1 ERIH.c85 07/25 1159 09/13 1059 70°18.3* 147°48.8' 1.0/2.0
or ER1.C85
ED2upper ED2UH.C85 08/ 08 3.205 08/25 1705 70°20.5S  147°48. 3a 2.0/5.0
or ED2U.C85
ID2lower ED2IH.C85 08/ 08 1158 09/13 1158 70%). 5’ 147948.3" 4.0/5.0
or ED2L.C85

Resol ution I8.
Met Data RMETL.W85 07/16 0100 09/19 1200 70°22.3' 148°03.11

or RI.W85
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relationship betweencorents at the same location and, in addition, were
obtained seaward of the Shielding ef f ect of the artificial barrier. Record
lengths were 18 and 36 days, respectively. While cwrrent record ERL was
measwred at a depth of 1.0 neter, it was included because its 50-day retard
length provided the best opportunity of detecting long-period current

f luctuations. None of these current records had any apparent errors.

Resol ution Island neteorol ogi cal cbservations supplied the wind data for the
1985 analysis. These data contained two gaps, 08/03 1800 to 08/ 05 2000-
09/08 1100 to 09/09 1400. The relation between Resolution Island and Deadhorse
Airnort ohservations Were deemed sufficiently cl ose that Deadhorse Airpart
observations were substituted directly into the two gaps in the Resolution
Island (ata. Resolution Island data were favored over Deadnorse data because
of closer proximty to the Current meter moorings.

3.2.4 1986 Data

Several current records were chosen fram the 1986 Endicott Monitoring Program
(Short et al., 1987) nearshore data set obtai'ned in Stefansson Sound near
Prudhoe Bay (Figure 3-4, Table 3-4). These current records were chosen because
of their long duration and distribution both in shallow water and in nearshore
| ocations off shore of the gravel causeway. All the current records were
caplete and showed no apparent deficiencies. Data collection was term nated
by ice encroachment just prior to deployment of current meters farther offshore
t¥1at initiated the Beaufort Sea Mesoscale Circul ation Study (Pagaard et al .,

'1989)1986 Nearshore data were not available for comparison with of fshore data
in :

As in 1985, meteorological data were avail abl e fram a recording station on
Resol ution Islard. These data supplied wind information used in the 1986
anal ysi s.

3.2.5 1987 Data

A third-year continuation of the Endicott monitoring program in Stefansson
Sound near Prudhoe Bay (Short et al., 1988) supplied nearshore current records
for analysis . Current records came fram three moaring |ocations seaward of the
alongshore barrier lying of f the mouth of the Sagavanirktok River (Figure 3-5,
Table 3-5). These records provided the opportunity to investigate the relation
of cmrrents both vertically at asingle location (the same as in 1985) and

hori zontal | y alengshore at separations of approximately 6 and 12 km.

one current retold, ED1, contained a gap fram 08/17 0600 to 08/17 1800, the
interval for recovery of one current meter and deployment of another in the
same |ocation. 1In view of the gap length relative to the total record length
of 48 days, the gap was bridged by linear interpolation, the assumption being
that calculated results would differ little fram those cbtained if a more
sophisticated method were used to bridge the gap. Indeed, cal cul ati ons made
with the gaF_fllled with zeroes were nearly identical with those made after
bridging by |inear interpolation.
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Tabl e 3-4.

Details of current records and neteorol ogi cal data, 1986

File name is the name of the camputer disk file for
the data and identifies each respective data record
on output plots and computed results files.

Current Record Mooring Location Depth (m)

|. D File Nanme Beain End Iatitude Iongitude sensor/bottom
(N (W)

Bl B1. 86 07/27 1200 08/23 0800 70°17.6' 147°43. 01 2.714.0
ED3upper ED3 .C86 07/27 3.200 09/10 1100 70°21.9°" 147056.7 ! 2.7/5.0
ER4 ErR4.c86 07/29 1800 09/11 3.200 70°21.1! 148°14. 41 0.9/1.0
ES4 Es4.cs86 07/29 1800 09/11 1300 70°22.9' 148913.0! 1.5/2.0
ES6 Es6.cs86 07/29 1800 09/ 04 1000 70%21.7' 148922.0' 0.6/1.0
Resolution | S.
Met Data RI.weé 05/31 1300 09/30 1600 70°22.31  148°03.11

Tabl e 3-5.

Details of current records and meteorological data, 1987

File name is the name of the camputer disk file for
the data and identifies each respective data record
on output plots and computed results files.

CQurrent Record Mooring Iocation Depth (m)

|.D. File Nane  Begin End Latitude JIongitude sensor/bottom
(N (W)

ED1 Ep1.c87 07/25 0000 09/11 0000 70°17.6' 147°43.0' 3.1/4.0
ED2upper ED2U.c87 07/24 1100 09/11 1000 70°20.5' 147°8.3' 2.4/ 4.2
ED2lower ED2L.C87 08/12 2100 09/11 1100 70°20.5' 147948.3' 4.0/4.2
ED3upper ED3U.C87 08/25 1700 09/ 11 0700 70°21.9' 147%6.7' 3.0/5.0
MB2B~-1 04/ 05/ 87 04/ 04/ 88 70955.1'  146°45.8! 72/ 185
MB4B-1 04/ 03/ 87 03/ 30/ 88 70952.6' 146%57.3! 52/ 60
Resolution Is.
Met Data RI.we7  05/29 1800 09/30 1200 70°22.31 148°03. 1*
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These current records overlapped current records cbtained further of f shore as
part of the BSXS. They were used subsequently to jnvestigate the relation
between nearshore wind and currents and offshore currents” about 70 to 80 km
north-northeast of the Stefansson Sound sites.

A recording Station that was installed on ResolutionIsland provided wind data
used in 1987 calculations. The wind data contained no gaps or deficiencies and
totally bracketed the current meter deployment intervals.

3.2.6 1988 Data

Qrrent meter data available to the program fram 1988 were | inited. A single
arrent record, fran a wonitering project in the area just offshore of the
Arctic National Wldlife Refuge (aWR), was chosen (Figure 3-6, Table 3-6).
Whi | e ot her current meters were deployed, they were very near shore or in
protected areas, and it was felt that calaulated results woul d be of very
limited use, if any. current meters deployed as part of the Beaufart sea
Mesoscale Circulation Study were recovered in March and April 1988, SO there
were no overlapping nearshore and of f shore current records for analysis.

A temporary MET station installed on the spit at Simpson's Cove in Camden Bay
was the source of meteorological data for the AMWR current meter data compari-
son. The length of the metecrological data record was slightly shorter than
the current meter record, but contained no gaps or other problematic features.

3.2.7 1989 Data

Data from 1989 chosen for analysis were two current meter records from mooring
location CB6, the same as the 1988 ANWR data, and a nearshore current record
CB2 (Table 3-7). Locations are indicated on Figure 3-6. Choosing the 1989 cBs
cxrrent records allowed camparison With 1988 data fram the same location and
examination Of currents separated vertically in the water colum. There were
no current meters depl oyed of f shore similtanecusly with the 1989 ANWR deploy-
ments, so no nearshore/off shore camparison was possi bl e.

As in 1988, a temporary MET station installed on the spit atSimpson'sCovein
Camden Bay pr ovi ded meteorological data for the 1989 deployments in Camden Bay.

3. 3 ResuLTs AND DISCUSSION

3.3.1 Wind and Nearshore Currents

3.3.1.1 wind-explained current Variance

The percentage Of current friability explained by the wind varied both

spatial |y and temporally, ard showed a distinct depth dependence (Table 3-8).
General |y, the wind accounted for approximately 40-50 percent of . . .
of nearshore currents at current meter depths of 3 m or less in water that was

less than about 6 m. |n contrast, wind expl ai ned onlfl about 1-10 percent of
the variance at depths greater than 3 m (Table 3-8, 1984 entries) Where bottom
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Table 3-6. Details of current records and meteorological data, 1988

File name is the name of the computer disk | e for
the data and identifies each respective data record
on output plots and computed results files.

Qurrent Record Mooring Iocation Depth (m)
LD File Nane Begin End Iatitude Iongitude sensor/bottom
(N (W)
CBélower CL.C88 08/06 2200 09/12 1700 69°59 ! 144°431 6.6/7.6

or CBeL.C88

Camden Bay
Met Data cB.wss  08/05/1300 08/28 1300 69°59 ! 144°52

Pokok Bay
Met Data Pk.wes 08/ 10 0000 09/13 1500 69°59 ! 142°331

Table 3-7. Details of current records and metecrological data, 1989

File name is the name of the computer di sk file for
the data and identifies each respective data record
on output plots and computed results files.

current record Mooring Iocation Depth (m)

|.D File Nane Begin End latitutde Ilongitude sensor/bottom
(N) W)

CB2 cB2. c8s  08/03 0000 09/09 1900 69°581 144°431 213

CBeupper CB6U.C89 08/ 03 0000 09/10 3.200 69°59 ! 144°431 5/8

CBélower CB6L.C82 08/ 03 0000 09/10 0500 69°59 ! 144°43 7/8

Camden Bay

Met Data CB.W8s 08/03 1.200 09/10 1900 69°59 ! 144°521
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Tabl e 3-8. summary of regression arﬂU—cmponentcorrelatlon
between wind and

calculations

Factor Indraft
Current Relating Angle of
Year variance correlated current
Data Fi | e Expl ai ned Crossl/ Wind and Rel ative
Nane by Wind Correlation Qnrent Speeds (0 Wind Depth (m)
%) Maximum (1ag/W) Lor R sensor/bottom
3.989
CB6U.C89 28 0.65(1) .018 73°R 38
cBsL. C89 3.5 0.48(5) . 009 18°Rr 718
CB2.C89 10 0.41(4) . 006 51% 213
1988
CB6L. C88 19 0.56 (2) . 007 48% 6.6/7.6
1987
mL_C87 35 0.76(3) 013 53%R 3.1/4.0
ED2U. 872/ 55 0.9(2) .027 43°R 2.4/4.2
ED2L.. C87 33 N2 .014 229R 4.0/4.2
ED2U.c873/ 45 NC .026 45°R 2.4/ 4.2
ED3U.C87 47 NC . 025 40% 3.0/5.0
MB4B-1.C87 0.69(8) 52/ 60
1986
©1. C86 39 NC 013 48°R 2.714.0
m . (86 39 NC 021 33°R 2.7/5.0
me . (86 53 NC . 020 46% 0.9/1.0
ES4.C86 27 0.82(3) . 008 4°r 1.5/2.1
ES6 . (86 45 NC 011 31'% 0.6/1.0
1985
ER1.C85 32 0.49(1 . 009 63°R 1.0/2.0
ED2U.C85 41 0.73(3 . 009 46% 2.0/5.0
ED2L.C85 3 0.38(6 . 002 14% 4.0/5.0
1984
132.C84 3 NC . 001 10% 4.6/6.4
134. C84 0 NC . 0001 90°R 7.3/9.1
136.C84 9 0. 43(6) . 007 13°R 4.6l6.
1982
11.C82 50 0.82(2) .018 82°R 3.0/5.0
13. C82 52 0.83(-2) . 023 59°R 3.0/5.0
14.C82 43 0.81(1 .015 83°R 1.0/2.0
15.c82 49 0.77(3 .014 23°R 1.0/2.0

1/ wWind | eads for positivelags.
2/ Record startsat 0000 on 25 July 1987.
3/ Record starts at 2100 on 12 August 1987.

4/ N C= Nut computed.
5/Exact lag | S dubi ous because of start-time errors.
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denths were areater than about 6 m. HOWEVer, in two cases In 1987, winmd
explained 33 percent and 35 percent of variance of deeper Qurrents at mooring
| ocations ED1 and ED2, respectivelv. Note that the same is not true for 1985,
D2, yhen wind explained only 3 percent of the variance of the deeper currents.
These conparisons, along W th comparisons of the scale factors relating winds
and deeper currents (Table 3-8) in 1985 and 1987 indicate a notable difference
i n wind-forcing of the deeper currents. The reason for the difference in this
exanple is that stratified conditions persisted throughout the 1985 open water
season, Whi | e wel | -m xed conditions characterized the majority of the 1987 open
wat er season (Short et al., 1989). stratification presented a buoyancy barrier
that inhibited vertical transfer of momentum fram the surface |ayer downward.
The differences in the degrees of mixing - |argely due to wind direction and
persistence., af f ecting hydrographi’' t ax’ di t1 m~ei - onshoreor

of f shore Ekman drift.

Wind accounted for a camparable fraction of current variance at a depth of
approximately 7m at mooring location CB6 in Camden Bay in 1988 (19 percent)
and 1989 (15 Percent). During the 1989 deployment, wind accounted for 28
percent of the current variance at a depth of about 3 m, which is consistent
W th increasing fraction of wind-explained vari ance with increasing distance
above t he bottom. Vector-average W Nd speed and direction were simlar during
those two respective depl oymént intervals.

Whi | e the wind-explained current VarlanCe near the bottam at | ocation €86 in
1988 and 1989 i S comparable, one striking difference is that the vector-average
current direction was eastward in 1988, roughly in opposition to the wind, bat
north-northwestward in 1989, which may reflect geographic steering and westward
wind camponent. | n 1989, near-surface vector-average cwrrents at |ocation CBé
were east-southeastward, roughly opposite the near-bottam axrrents and also
somewhat | N opposition to w Nds.” Vector-average currents at €82 in 1989 were
also eastward along the coastline, confirming a camponent Of circulation in
Camden Bay i n opposition to direct wind-stress forcing. Fluctuations in wind
affected fluctuations in carents simlarly in both years, bat there apparently
were other influences such as recirculation in Camden Bay or presence of local
Or large-scale pressure gradients that were different between the two years.

The retarding action of bottam friction will also influence deeper currents.
However, bottom friction is a passive influence that depends on current speed,
which in turn is related to external forcing. The implication is that annual
variability of meteorological conditions, which subsecuently affect hydro-
graphic conditions, exerts a primary influence on the degree to which wind
drives deeper auxrrents.

3.3.1.2 Correlation Analysis

Wind consistently led nearshore cwrrents by 1-3 hours (Table 3-8). Cross
correl ations between wind and cwrrent major axi S vel ocity camponents in the
principal axi S coordinate (henceforth termed U camponents) ranged from
0.38 to 0.91, averaging 0.69. cross correlation functions decayed to zero
within a | agged interval of about 40 to 60 hours (Figure 3-7 is typical). The
Maxi mum Cr oSS correlation between m nor axi s wvelecity companents (henceforth
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termed V ) of wind and currents was typical |y between -0.4 and zero,
and decayed fo zero within a |ag of about 10 hours (Figure 3-8). The negative
correl atl on between wind and V camponents 0of currents indicates that the
relation may be secondary wWithin several kilameters of the coast. --
and phase calculations between wind and ED2 upper, 1987 confirm the intuitive
expectation t hat t he strongest relation is at low frequencies and that the wind
and near surface currents arenearlyinphase (Figure 3-9).

3.3.2 Vertical Relation between Qxrents

Analysis 0f current records fram mooring location ED2, 1985 and 1987 shows
interanndl] differences in the rel ati on between currents measured at two
depths. In 1985, yind accounted for 41 percent and 3 percent of the current
variance at depths of 2 mand 4 m respectively (Table 3-8). In 1987, however,
wind accounted for 55 percent and 33 percent of the awrent variance at 2. 4m
and 4 m vrespectively (Table 3-8).

Wiile there is a | ower percentage of the axrent variance explained by the wind
at the lower depths in both years, it is especially apparent in 1985. One
significant difference is that in 1985, metecrological patterns were such t hat
wel | -m xed conditions in the water colum were never consistently established
over the open-water season, while 1987 was a year in which the water colum
was either weakly stratified or well-mixed for much of the open water season
(Short, et al., 1989). 1The direct consequence is that in 1985, stratification
tended to weaken the coupling between the surface layer and the deeper part
of the water cofum, weakening the influence of direct wind action on deeper
currents. The absence of a buoyancy barrier to vertical momentum transport
in 1987 led to greater wind influence on deeper currents ed to the more
stratified case cbserved in 1985. The difference in the scale factor relating

wind and currents speeds at depth in 1985 and 1987 reflects the increased
coupling of wind effects to deeper cwrrents in 1987.

Maximm U-camponent Cr 0SS correlation coefficients between the upper and lower
currents at E2 were al so different in 1985 and 1987 (Figures 3-10 and 3-11).
The maximum of 0.64 in 1985 relative to 0.91 in 1987 indicates a stronger coup-
ling of the upper amd lower layers of the water columm in 1987, as do the lags
of 1 to 2 hours in 1985 versus 0 to 1 hour in 1987 for naxi mum cerrelation.

The V-camponent cross Correlation between upper and lower aurents was
distinctly” i nf| Uenced by tidal signals (cf. Figure 3-12). Wile the tidal
signal 1s obvious, the cross correlation is only marginally different fram zero
at the 95 percent confidence |inmt. There is only weak evidence of |ongs-term
correlation, shown by the hroad positive peak atlagof about -45 hours and
negative peak at lag of +45 hours (Figure 3-12), Cocherence and phase calcu-
lations for the v-camponents of upper and lower current records from ED2 in
1985 (Figure 3-13) confirm the correlation at semi-diwnal tidal frequencies
(O 08 cph) bt show no indication of significant relation at | ower freguencies.
Analogous calculations for 1.987 yiel d ccherence and phase plots (Figure 3-14)
swrprisingly similar to those for 1985, implying that wvariance aleng the minor
axl's'is relativel'y independent of stratification and wind patterns.
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Cr 0SS correlation between U-camponents of upper and lower current meters at

| ocation CB6 (Camden Bay) i n 1989 indicates the deeper current leading t he
upper ent by 0 to 1 hours at maximm cOrrelation of 0.59 (Figure 3-15).
This result is opposite that in 1985 and 1987, when upper currents led deeper
currents . I n 1989, wind | ed upper currents by one hour, NMBXI MM correlation of
0.65 (Figure 3-16). For the same time interval, wind led lower current by five
hours, maxi mumcorrelation of 0.48 (Figure 3-17). Based upon camparison of
cross correlations between wind and currents at €86 in 1989, upper cwrrent
should lead lower current by approximately four hours, which disagrees mt‘r}
r;sultsl of cross correlation cal cul ati ons between the two cwrrent time series
t hemsel ves.

One explanation f Or the apparent inconsistency is that wind and currents
possess joint variance in one portion of the frequency spectrum, while t he
currents rpossess j 0i nt variance in another portion of the spectrum, and that

t he phasing i S different between these two portions of the spectrum. Coherence
and phase calculations indicate strong rel ation between the current records
(Figure 3-18) in the | ow frequency band where wind and cUrrents are generally
related, ut al so between 0.10 and 0. 11 cycles per hour. The av,rtos%:ectrum of
the upper current meter U-component shows a rel ative emergy deficit for periods
bet ween approximately 16-50 hours (Figure 3-19) tile the aums?ect;mm for
the lower current meter (Figure 3-20) shows a constant Slope (no deficit) over
the same range. Corresponding V-camponent spectra reflect the same feature,
but [ess clearly.

The inplication is that there i S sufficient covariance i n CB6 cwrents in the
0.10 to 0. 11 cph frequency band, particul arly because of the spectral content of
the upper current, to dominate the cross correl ati on between upper and lower
current records. Dimensions of Camden Bay, response t0 f luctuations in | ocal
riverine imput, and t he sheltered nature of |ocation 86 to the east are all

potential factors influencing the correlation between upper and lower currents
at €86 in 1989.

3. 3. 3 Periodicities
3.3.3.1 Meteorol ogi cal

Spectra for the U-component of wind for various analyzed years show no consi s-
tent significant spectral peaks, although the spectral content may indicate the
presence of a given frequency i N agivenyear. The strongest hint of a consis-
tent interarmual signal is at a freguency of about 0.007 cph, which corresponds
to a period of approximately six days (Figure 3.51.19g7 is representative;
others, e.g., 1982 11, 13, 14,15, 1985 ER1 appear in ix A).

A signal at period of about 110 to 3.20 hours appears in autospectra of 1986
current records, particularly V-component (€.0.. Figure 3-22). where the
feature is not masked by cther low-frequency €NerdY: as 1is the case for
autospectrum (Fi gure 3-23) also exhibits a peak at approximately this peried,
and at this period, it seems |jkely that wind forcing is the source Of current
variance.
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Simlarly, there is a discernible peak in U~ and V-camponent autospectra of the
D2 upper cxrent meter data fram 1987 at about 0.0078 cph, or 128 hour period
(Figures 3-24 and 3-25). The corresponding local wind U-camponent spectrum
(Figure 3-21) has a rather proad spectral peak that encompasses that same
frequency. AS in the 1986 data, it appears likely that wind forcing is the
Source of current variance in this case.

These cases are individual examples drawn fram different years. Wil e the
periods may be consistent with typical metearological spectral character-
istics, the very low frequency spectral values calculated here are not
statistically significant. Thus, evidence and intuition point to wind being
the major factor in cwrent fluctuations in the nearshore area at periods
greater than roughly 100 hours, hut the inference is far fram conclusive and
caution should be used in interpreting the wi nd-current relation implied in the
cases discussed above. The broadband nat ure of mneteorol ogi cal phenomena, with
energy distributed over a period band ranging from a few days to ™re than a
week can mask the presence of ot her low-frequency phenamena that contribute to
current variability.

coherence and phase cal cul ations (Figures 3-9 and 3-26) from 1987 show that
the major spectral relation between U-components of wind and currents is at
frequenci es of approximately 0.02 cph and | ess, Wwhi ch correspond to periods

| onger than a few days. Coherence diminishes between frequencies of 0.02 to
0.04 cph. corresponding phase spectra indicate that wind and currents are
approximat el y in phase at |ow frequencies, but the general increase in phase
angl e with increasing frequency implies a | ag of cmrents behind wind fl uct ua-
tions as frequency increases. Wile confidence [imts were not calculated for
the phase plots, it is likely t hat they are ¢n the order of plus or minus 15
degrees . This estimate assumes an average of fin successive raw values for
each phase estimate (/o degrees of freedonm) , corresponding coherence (not
coherence squared) values 0 0.8 or greater, and reference to Fig. 9.3 of
Jenkins and Watts 1968. Because of the potential error of several degrees in
phase estimates, caution should be used in trying to determine exact phase
rel ations between wind axd currents.

The low-frequency rel ati on indicated by ccherence and phase results i s borne
oat by the shape and initial decay of the respective cross correlation
functions between wind and awrrents (Figures 3-7 and 3-27), in which the
functions have maxima at near-zero | ag and decay to zero within |ags of about
plus or mnus 50 hours. The phase |ag at maximm correl ation evident from the
cross correlations is 1-3 hours, With wind leading cwrents. This phase lag
should approximately correspond to the actual phase difference at the maximm
coherence Val ue between wind and currents, which is at about 0. 01 cph.

In view of t he fact that wind accounts for up to about half the observed
current variance in the analyzed records, there is no question that the low-
frequency ends of the current spectra reflect low-frequency fluctuations in
the wind. That there are not necessarily consistent sharp peaks at common
frequencies in wind and cwrrent spectra indicates the broad band nature of
wind forcing rather than the absence of a strong comnection between the tWo.
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3.3.3.2 Tides

Tidal signals, particularly semi-diwrnal as opposed to diurnal, appear in many
of the current records, hrtprlmrllylnthev-cmlponerrtalongthemnmoraxls,
where metecrological influences are not as dominant. Energy at the semi~
diurmal frequencylsmrea;parentmthev—cmpcnentautospecu:‘mfranmz
(upper), 1987 (Figure 3-24) than in the correspanding U-camponent autospectrum
(Figure 3-25). The appearance is deceptive because the semi-diurnal tidal
energy in those respective autospectra is camparable, and the difference is
due to the fact that distribution of energy over the low-freguency end of the
U—canponentautospectnmmasksthesam—dmmaltldalenergy In contrast, the
erergymntertmﬂuelw—frequercyportlmofthev-omporentautospectrmn
decreases with decreasing frequency. Whereas, coherence and phase calculations
between V-camponents of ED2(upper) and ED2 (lower) , 1987 (Figure 3-14) show the
absence of cocherent low-fregquency energy in the upper and lower layers of the
water column, they also show the expected presence of ccherent tidal energy
throughout the water column.

Autospectra of U- and V-camponents measured at L1,1982 (Figures 3-28 and 3-29)
display the same general tidal nature as those for B2, 1987, nanely ocomparable
semi-diurnal energy but with the U—carponentmaskedbythepresenceof low-
frequency energy. cross correlation from 1985 (Figure 3-12) reflects that the
dominant common V-component signal in the shal | ow water colum at ED2 i S the

semi-diurnal tidal signal.
3.3.3.3 other

Signal s of other periodicities can be identified in Current records fromthe
various years sampled. Unlike ti des, lanations f or these other

signals are more difficult to assign because ofex%e transitory nature both of
currents and potential extermal forci ng mechanisms. Thus, a given mechanism

may be active only part of a deployment |nternal or perhaps one year but not
the next, and therefore the measured currents may not reflect its presence.

The results of various types of calculations suggest the year-to-year presence
of a signal with a period of approximately 35 to 45 hours. For example, auto-
spectra of U conponents measured at 134 and 136, 1984 (Figures 3-30- 3-31)

di spl ay common peaks at periods of about 43 hour s (or 0.023 cph). Autospectra
of U-camponent data from ED2, 1985 upper (Figure 3-32) and lower (Figure 3-33)
current meters al so have peaksata;pro:dmtelyﬂlesaneperiod, but the cross
correlation function for the two (Figure 3-10) and the autocorrelation function
for ED2 lower, U-camponent, 1985 iwre 3-34) show #e periodicity more
graghi cal | % Autospectra of U- and V-camponents at ED2 upper, 1987 (Figures

-2 4) show simlar peaks, and a corresponding rotary spectrum

3- 35) |nd| cates that emergy i S primarily i n counter-clockwise po¢ (Figure

The source Of 35- to 45-hour periodicity i S unclear. Autospectra of the U-

camponents of | ocal wind data for 1984 (Figure 3-36), 1985 (Figure 3-37), and
1987 [Figure 3-21) have peaks at periods of 50, 60, and 33 hours, respectlvely
Only in 1987 do the spectral characteristics of wind and cwrents coincide at
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approximately the 35- t0 45-hour period range, and the significance of the
at 33-hour period is questionable.” Also, in 1984 -1985° wind accounted for
| ess than 10 percent of the variance Of desper currents (Table 3-82), so that
direct wind-forcing i N that period range M ght not be expected t0 De signifi-
cant. On the other hand, it is important {0 point out that, in 1987, local
wind and cwrrents at m2 upper were significantly coherent at 0.0274 cph, which
corresponds t0 a period of 36 hows. Tws, Wind forcing can neither be
confirmed nor denied as the source of variance in the 35- to 45-hoar period
range, even though periods in this range seem short compared with expected
met €or ol ogi cal pen‘cﬁfcmes. Another possibility | S an eastward-propagating
trapped-wave (| st urbance. and i ndeed, coherence and phase cal cul ations for 1984
be

data show significant coherence between currents separated jn the alongshore
direction, W t h currents at the western mooring leading by a few hours.
Existing data do not allow unequivocal isolation of the scurce of observed
variance in the 35- to 45-hour period range.

3.3.4 fTopographic i nfects
3.3.4.1 principal Axis orientation

In the nearshore area, t he cambination of bottam topography and proximity to

t he coastline clearly influence current direction. Approximte orientation of
| ocal bottom contours and principal axis directions for the respective current
records show a close correspondence in mest cases (Table 3-9). Thus, the most
energetic fluctuations tend to be along bottam contours, which also roughly
coincide with the coastline. Al tend to be oriented northwest-southeast.

3.3.4.2 Vector-averaged Direction

n many cases, the vector-averaged current direction also aligns with local
bottam contours, but not with the same consistency as principal axes (Table
3-9) . (Principal axis angles are reported between O and 180 degrees tree, SO
an addition of 180 degrees is necessary when comparing with current directions
between 180 and 360 degrees true. ) Disparity between vector-averaged
directions and bottom contours in part reflects low freguency background
notion that may be due to an alengshore pressure gradient, for example.

3.3.4.3 wind and currents

I n  contrast to principal axis orientations of currents, which tend to be
northwest-southeast, principa axesf or wind | i e between 60 and 93 degrees
true (Table 3-9). while wind f|uctuations tend to have a strong cross-isobath
camponent, currents are rectified into the alongshore direction, although it is
important to keep in ping that wind-forcing is far froam being the sole source
Oof cwrent motions. |n spite of this caveat, and taking into consideration
previcus results showing that wind does indeed account for a large Forb’.on of
current variance in near-sawrface cwrrent neter records, the role of topography
I N steering wind-f orced currents | S apparent.

223



Table 3.9 Summary of wind and current principal axes, nmeans, and approximate
bottam contour orientation.

Note: All directions are in degrees true and represent directi on toward which
the velocity vector points for both wind and current. Speeds are in centimeters
per second except where entered as meters per second (m/s) for wind. Bottom
contour directions are in degrees clockwise from north.

BOTTCM

YEAR PRI NCl PAL Axi s VECTOR AVERAGE CONTOUR

Record Lencth  Dir % Vari ance Speed Dir Dir
1989

CB.W89 3.4 43 87 1.4 ms 213

CB6U.C89 10. 8 110 75 1.2 129 75

CB6L.C89 6.9 93 62 0.9 336 75

CB2. C89 7.0 104 96 2.8 103 100
1988

CB.W88 5.0 76 87 1.6 ms 228

CB6L.C88 6.5 50 59 2.5 97 75
1987

RI.wa7/ 6.1 80 77 1.0 ms 191

mavu.cg7d! 242 129 95 3.2 91 130

RI.we72/ 5.6 77 73 1.5 m's 96

2u.ce72/ 4.6 130 94 8.1 110 130

m2r.cs72/  13.9 107 82 4.3 123 130

ED1. C87 14.3 140 88 5.2 278 140

ED3U.C87 25. 9 126 96 7.8 110 3.20
1986

RI.W86 5.5 93 77 1.6 ms 241

ED1.C86 12.1 139 88 3.5 344 140

ES6.C86 10.5 3.2 92 6.0 314 85

ED3.C86 21.1 125 96 2.9 328 125

ES4.C86 8.5 93 78 1.9 314 105

FR4.C86 17.3 44 93 3.1 202 120
1985

RI.W85 3.8 82 80 3.1nms 235

ED2U.C85 3.2.5 130 95 6.8 311 140

ED2L.C85 4.2 102 72 2.0 7 140

ER1.CS5 6.6 160 81 3.2 18 140

(continued)
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Table 3-9, continued. Summary of wind and current principal axes, means,
and approximate bottom contour corientation.

Note: All directions are in deQr €eS true and represent direction toward which
the velocity vector points for both wind and caorrent. Speeds are in centimeters
per second except where entered as meters per second (m/S) for wind. Bottom
contour directions are in degrees clockwise fram north.

BOTTOM

YEAR PRINCIPAL AXIS VECTOR_AVERAGE OONTOUR
Record length  Dir % Variance  Speed Dir Dir
1984
DH.W84 4.7 72 79 1.7 Inls 233
GI .W84 4.9 74 81 2.0 n/s 232
132. C84 3.3 93 90 0.7 102 110
134.C84 3.5 104 70 0.6 82 100
136. C84 11.3 110 90 0.1 200 115
1982
RI.W82 5.2 61 84 2.3 111/S 231
11, C82 14.1 146 95 2.3 333 1.25
13. 82 17.9 121 97 1.9 256 130
14.C82 11.8 1.53 79 4.4 4 135
15.C82 10. 2 102 86 4,2 275 |-25

1/ Record startsatooooon 25 July 1987.
2/ Record starts at 2100 on 12 August 1987.
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3.3.5 Spatial current Correlations
3.3.5.1 Alongshore

Analysis of the small number of data records separated alongshore indicates
that the cnrrents at the westernmost of a mooring pair tend to - t hoseat
the mooring farther east. |In one example from 1987, ED3 upper U-camponent
leads that of ED1, about 11 km east, by one to two hours (Fi gure 3-38). This
represents a phase Speed of about 2 m/s. Simlarly, in 1982, 15 U-camponent
leads I4 by one to two hours. Mooring IS5 is about 8 km west of I4. However,
fram 1982, L1 U-camponent | ags L3 by t hee hours, which is opposite the
expected trend. In view of errors in recording true start times for 11 and L3,
the deviation may simply be due t0 a | ag pre-imposed by erroneous start times.
Fraw. 1984, , 132 UU~-camponent leads L36, about 33 km farther east, by only about
an hour at maximm positive cross correlation of +0.35, bat by 55 hours at

maxi mum negative correlation of -0.42. These two current records are both from
depths of 4.6 m in water 6 m deep, and direct wind-forcing does not appearto
contribute significantly to the variance (Table 3-8), so the Cross correlation
ma?/ indicate propagating disturbances or phased response to indirect wi nd
effects such as upwelling and surges. In all these examples, the data are
adequate only to illustrate lead/lag relationships, but fall short of providing
af inn basis for isolatingtheunderlying dynam C cause.

3. 3. 5. 2 Cross-iscbath

Only one example, from 1984, provides a basis for cross-isobath comparisons in

the nearshore area. In this case, 134 U-component, |eads that of 132 by 12
hours (cross correlation of +0.37) and by 52 hours (cress correlation of +0.41)

(Figure 3-39) . ‘he cress correlation thus provides conme confirmtion of the
presence Of a 35 to 45-hour period signal.

on the basis of existing data, the implication is of a disturbance propagating

slowly onshore from 134 to 132, about 6 km apart. Ome possibility is a slow
meandering of the mean eastward alongshore fl ow.
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4. 0 INTEGRATION OF RESULTS WITH THE BEAUFORT
OoN STUDY (BSMCS

4.1 METHODS
4.1.1 Data Manipulation

BSMCS data were obtained from NOAA PMEL, Seattle, Washington, and were con-
verted to NODC farmat prior to using the data analysis programs. Since the
data were presented at a one-hour interval, no subsampling was done. Because
the data records were in excess of a year long, the BSMCS data were truncated
to approximately the same length as the nearshore data records in order to save
file space ard scan time on the computer.

4.1.2 Selection of Data Sets for Analysis
4.1.2.1 BMcs Data

The BMcS data sets chosen for anal ysis with nearshore Current records were
1987- 1988 MB4B-1 and MB2B-1, imately 73 km and 82 km, respectively, NNE
of Prudhoe Bay. Current record MB4B-1 sensor depth was 52 m in water 60 m
and MB2B-1 sensor depth was 72 m in water 185 m . These current
?gggr’ds were coincident wth the sumer-1987 Eﬂlwttde;gv:lmmle!tal Monitoring
Program. No other BSMCS data corresponded in time with avail abl e nearshore
data records. Other 1998BsM dat a records were about 230 km west or 160 km
east frcmPrudhoe Bay and were not used in this anal ysis. Data fromMB4B and
MB2B were considered much more useful in making onshore/ of f shore current
camparisons.
4.1.2.2 Nearshore Data
Data from mooring ED2 represented nearshore currents in the nearshore/offshore
analysis. The choice was made on the basis of record length and location
out si de of nearshore Causeway systens to the east and west of Prudhoe Bay.
In view of the high correlation between ED2 and ED1, the only other nearshore

record Of suitable length and | ocation, the use of both was considered
redurdant.

4.2 SIMARY AND ASSESSMENT OF DATA

4,2.1 Bcs Data

Current record MB4B-1 spammed 03 April 1987 to 30- 1988, easily bracketing
the 1987 nearshore current records. —Qurent record MB2B-1 spanned 05 Apri |

1987 to 04 April 1988. Both were judged to be of high quality and appeared to
contain no m ssing data. Fllgiure 4-1 shows these two mooring locations, and
Table 3-5 lists general details.

4.2.2 Nearshore Data

Description of the nearshore data (1987 ED2) appears inSection 3. 2. 5.
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4.3 RESULTS AND DISCUSSION
4.3.1 Wind ard Offshore Qurrents

Resolution Island winds were well correlated with MB4B U-camponent (Figure
4-2). The maximm correlation was +0.69 Wi th wind | eading by ei ght hours, and
the two remained significantly correlated about 45 hours either side of the
maxi mum Because of the depth of MB4B, it is unlikely that direct wind
forcing is a significant soarce of current motions, but rather, the correla-

tion likely represents the joint influence of large-scale atmospheric pressure
distribution on both cxrrents and wind.

in comparison, cross correlation showed MB4B U-camponent leading MB2B by 28
hours at the maximum correlation of +0.60. Considering that MB4B and MB2B are

separated by only about 9 km, a phase difference 0f 28 hows is surprising.
4.3.2 Nearshare and Of fshore Qerents

The maxi mum correl ati on between currents at ED2 and MB4B was +0. 65, with ED2

| eading by six hours (Figure 4-3). This i s consistent with previous correla-
tions between wind and currents at ED2 and MB4B. The two time series remain
significantly correlated within about 45 hours either side of the maxinum

The maximumcorrelation between ®2 and MB2B was +0.57, with ED2 |eading by 43
hours .  Both results indicate significant correlation between nearshore and
of f shore carrents, but do not suggest an explanation of the underlying cause.

Coherence and phase calculation between U-camponents Of ED2 upper and MB4B-1
show a pronounced coherence peak at 0. 028 cph, Whi Ch corresponds t 0 a peried
of 35 hours (Figure 4-4). The phase difference is about three hours, in rough
agreement W th the lag of six halrs at maximm Cr 0SS correlation. The average
of phase difference over the six lowest frequencies (each itself a linear
average of five successive values) is slightly less than seven hours. The
near agreement Wi th the | ag for maximm cross correlation suggests that low
frequency motions clearly dominate the common nearshore/offshore Signal s.

Interestingly, a 37-hear period was identified in ED2 upper U-camponent auto-
spectrum, as well as others. That period also appears clearly in the MB4B-1
U~component autospectrum (Figure 4-5). Incidentally, SO does a peak at
period of about 45 to 5 days. The five-day period is apparent in the MB2B-1
autospectrum, but the 37-hour signal is mich less distimt.. Ragaard et al .,
1989, also identified the 4.5- to 5-day signal and speculated that it might
represent an eastward-propagating trapped wave, Whether or not the 37-hour
signal has a simlar explanation requires further work to determinebeyond
specul ati on. The period seems too short to be attrilutable to purely
meteorological causes.

Cross correlations and spectra serve to establish the strength of nearshore-
to—of f* relations and potentially identify major periodicities of common
signals. However, the current meter data, in themselves, speak |y weakly to
the issue of mamentum exchange and not at all to that of mass between
the nearshore and of fshore circulation.

231



1.0

S

=

T O

]

UJ

C O

o .

)

O

"

0’) M

O O

| ----957 CONFIDENCE

&) A B
- RI. W87 U MBUB-1 . C87 U

%0 - 60 -3Q. . 30. 60. 90.
LAG (HOURS)
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5. 0 CoMPREHRNSTVE SUMVARY

5.1 DATA IDENTIFICATION, DOCUMENTATION, OOMPILATION, AND EVALUATION

The objectives of this task were: (1) to identify, docunent, and summarize
al | available information on historical data sets collected in the nearshore
Alaskan Beaufort Sea region; and (2) to campile and evaluate the actual data
fram these historical data sets to the maximum extent possible.

This task began with a camprehensive review of oceanographi'c literature,
pro:ject reports, data reports, and existing pubhshed data inventories. Direct
inquiries were also sent to appropriate ‘investigators, agencies, academic
institutions,and private organi zati ons known t0 have conducted studies in the
region. Through these means, a total of 56 distinct Project data sets encam-
passing physical oceamgra;nlcdatafransm\e part of the study area were
identified. For each data set, documentation on where, when, why, how, and by
vhom individual data fselts \Asas acqw red. dDa}a typ%s documented | ncl uded current
meter (moored and profilin Iagrangian drifter vdrographic (tempera
salinity), sea Ipevel (t|%e gauge), and metecrologic. c tare and

Aftert he data SETS wer e identified and documented, t he compilation phase
began, wherein al| available historical data were obtained, organized, and
reformatted (i nto standard NoDC formats). A considerable volume of data was
obtained fram NODC via direct camputer transfer fram NODC's archival systemto
an Ebasco Envirormental 386 microcamputer. Another large volume of historical
data from the Prudhoe Bay/Stefansson Sound region already on hand i n the Ebasco
Environnental data archives was transferred into the project data base. A
number of smaller data sets obtained from individual investigators or fram
optical scan-di gltlzat| on of hardcopy tabular data listings in reperk
camprised t he remainder of the project data base.

Oof the 56 docunented data sets, only 29 (sane of these incamplete) were

avail able for acquisition and subsequent anal ysis. Despite additional efforts
to track down and acquire the missing data sets, many remained unavailable due
to proprietary restrictions, inability to locate the original investigators,

or inaccessibility of the original dat a.

Formal evaluation of the data quality associated with each data set proved to
be inpractical, due to the unavailability of a |arge nunber of historical data
sets, combined Wi th incomplete documentati on on experimental net hods, data
processing, and quality control on many others. During the Course of the data
anal ysi s task, an evaluation was nade of each data set used, and any apparent
data quality probl ens were noted.

One recamendation ari Si ng from this task is a suggestion that goverrment

funding agencies be more diligent in ensuring that oceanographic data collected
urder public funding be sulmitted to NODC. Furthermore, we recommend that if

possible, regulations be implemented to require submidon to NODC of any data
collected by private concerns (e.g., oil campanies) operating under agency
permits. In the latter case, confidentiality could be stipulated for a
specified time period, after which the data would became publicly available.
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5.2 DATA ANALYSIS AND INTERPRETATION

Nearshore current records (depths <20 m) fram 1982 and 1984-1989 were selected
meteorological data for the various years were also cbtained and used in the
investigation of the relation between nearshore currents and wind.

Linear regression indicated that wind accounted for about 40 to 50 percent of
current variance at current meter depths of 3 m or less. The percentage of
explained variance of currents measured at sensar depths greater than 3 m was
generally 10 percent or less, alﬂxoughtwoexceptimsweremtedmlgwmere
the percentage of explained variance was as high as 35 percent. Density
stratification, which itself is strongly influenced byw:i:ﬂ.d:.recl:lon and
persistence, appears to be an important factor in the relation between direct
wind forcing and deeper currents in the nearshore area.

Near shore awrrents consistently |agged wind by one to three hours. Cross
correl ati on coeff icients between major-axis camponents (U-components) of wind
and cxrrents averaged 0. 69 but ranged as high as 0.91 for one case in 1987,
Correlation coefficients between mnor axis components (V-camponents) were
typically between -0.4 and zero and decayed within |ags of about %o hoHrs. ,
Coherence and phase cal cul ati ons between wind and cwrrent show that the major
contribution t0 high correlation was at low frequencies, generally less than
0.02 cph. Current speeds were 2.7 percent of wind speed or less for all
wind/current analyses, and the indraft angle between wind and cwrrents was
meaningless because of rectification of currents in the alongshore direction.

The vertical relation of currents at #e same mooring location varied markedly
between 1985- 1987.  Maxi mumcross-correl ati on coeff icients between current
records at depths of 2 mand 4 mwere 0.64 and 0.91, respectively, in 1985 and
1987. ‘These values occurred at one to two hours lags in 1985 and zero to one
hour in 1987, with the shallower currents leading i n both cases. Stratifica-
tion appeared to be a facter in - difference. In contrast, the V

cross correlation functions were only slightly different from zero, althoush
a tidal fluctuation was obvious in the plot. Anal ogous coherence and

cal cul ati ons petween the V-components ©of the arrents at 2 mand 4 m for 1985
and 1987 were simlar, inplying that variance along the minor axis is a weaker
L.uncti.on of depth or stratification than variance along the nmjor axis

i rection.

There was notable vertical shear in currents at location CB6 in Camden Bay in
1989. \ector-average aumrrents at location CB6 were east-southeastward in the
upper part of the water colum and north-northwestward one meter above the
bottom. Vector-average wind was toward t he south-southwest. Thus, bottom
currents were primarily in the same direction as wind, but currents nearer the
surface were in rough apposition to the wind. Wind explained less than 30
percent of the current variance at both depths. At the sane |ocation in 1988,
currents 1 m above the bottom were eastward, but vector-average wind was
approximately the same as in 1989. The implication is that local dynamics
influenced currents at location CB6 in 1989. circulation probably reflects
recirculation in Camden Bay and fluctuations in buoyancy input due to
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freshwater influx. Cross correlation and coherence and phase calculations
between wind and CB6 currents and between upper and lower CB6 currents in 1989
suggest the possibility that localized dynamic factors in Camden Bay dominate
wind effects in determining circulation and vertical shear in Camden Bay.

Autospectra indicate t he presence of low-frequency signals in the U-component
of nearshore axrents. While the spectra exhibit energy content
throughout the band of frequencies less than about 0.02 cph, there is a strong
hint of identifiable signals at freguencies of 0.007 cph (6-day period), at
0.0078 cph (5.3-day pl ed), andat 0. 0087 cph (4.8-day period). These are all
in the range of frequencies likely attributable to wind farcing, but data are
not camprehensive enough to conclude that no other dynamic mechanisms
contribute. These signals are apparent in same years, but not universally in
all the years analyzed. The broadband nature of wind forcing camplicates the
Conclusive identification of any low-frequency signals.

Semi-diurnal tidal signals are particularly apparent in V-component current
autospectra, although closer inspection shows camparable tidal energy in the
U-camponent spectra that is masked by the general concentration of energy at
low frequencies. Overall, the energy at tidal frequencies is a small fraction
of the total energy in current motions.

Rutospectra al SO indicate the year-to-year presence of a signal at frequencies
of .029 to .022 cph (35-hour to 45-hour period). In one case, the spectrum
of corresponding wind data also indicated a peak in approximately the same
frequency range, while other wind spectra contained no sini’lar peak. one
possible explanation is a wavelike disturbance propagating alongshore, but

a conclusive explanation awaits an experimental program designed to i dentify

such phenamena.

Comparisons bet ween the orientation of local isobaths and principal axis
directions for currents suggests strong influence of bottam topography and
proximity to coastline in steering cmrents alongshore. This is the case
even when prevailing wind had a significant cross-isobath camponent. For two
examples from 1985 and 1987, the principal axes of the deeper currents tended
to be about 25 degrees offshore of the shallower currents. The difference may
reflect the influence of |ayered-f low effects or friction near the bottom.

Cross correlations generally indicated that westerrmost currents | ed currents
farther east. This is likely related to the mean eastward flow in the
near shore area.

Interpretation of the analvtical results IS camplicated by the fact that wind
forcing is a broadband phencmenon and is aperiodic, for the most part. This
means that spectral investigations can rarely yield conclusive results. It
also means that analyses of successive segments of a given data record may
yield results that differ markedly from each other and from analyses using the
entire record length. Furthermore, the comtributions of other potential

ic mechanisms to observed currents may overlap those of the wind, making
discrimination between them cliff icult, if nut impossible without specific
experimental gesign.
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5. 3 INTEGRATION OF RESULTS WITH THE BSMCS

only duringthe open-water season of 1987 did avail abl e nearshore and of f shore
carrent measurements (BSMCS) COi ncide, SO the mmber of data records available
f or nearshorefoffshore comparison was |inited. Those offshore current records
closest to the |ocation of the nearshore current records were chosen. Other
off shore current records 230 km to the west and 160 km to the east were
excluded under t he assumotion that comparison of -/ of f shore current
records with the smallest gpatial separation would yield the most representa-
tive results.

The maximum correlation between nearshore (ED2) and offshore (MB4B-1) U-campo-
nents was 0.65 with the nearshore arrents leading by six hours.. Corresponding
coherence and phase calculations showed a distinct peak at 0.028 cph (35-hour
period) with nearshore cmrrent leading by three hours. Low-frequency

ts are the pri nary contributors to the correl ation between nearshore
and of f shore currents.

Resol ution Island wind was al so well correlated with MB4B-1 U-camponent current
(0. 69 with wind leading by eight hours). This is more likely gue to wind and
currents both responding to large-scale atmospheric pressure distributions
rather than direct wind forcing of currents at a depth of 52 m at MB4B-1.

Autospectra of U-camponent currents indicated spectral peaks at about 0.027 cph
(37-hour period) for both MB4B-1 and ED2U in 1987. This frequency is virtually
the same as that apparent in cocherence and phase calculations, suggesting a
common mechanism coupling both the nearshore and offshore areas.

6.0 RECOMMENDATIONS

This section contains some krief recommendations regarding dat a acguisition/
archiving as well as the nature of future oceanographic efforts in the region.

This study found that only about palf of the histarical data sets known to
have been collected in the region were available for general use. This may be
attributed to several factors. First, with respect to the incampleteness of
the data holdings at yopc, it must be realized that in many cases the investi-
gators wereunder no Obl i gation to sumit final data to that facility. In
cases where such a requirement did exist (as a stipulation in same

furding agency contracts, for example), the funding agencies were apparently
not diligent in verifying the data transmittals. The case of oCS S
1977-81 (see section 2.2) is an apparent case in point. Understandably, both
investigators and funding agencies assign a hi gh priority to the collection
and anal ysis of data and the reportina of scientific results. Data archiving
and transmittal to NODC is often - last, and py perception, least important
task of any project. A second problem is the unavoidable circumstance Of
personnel turnover. The departure of a principal investigator, graduate
student, or key data manager before project campletion strongly reduces the
chance Of orderly data archiving and transmittal. The inaccessibility of

proprietary data sets for many years (see section 2.2) is a third reason for
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gaps in the available archived data base. By the time the proprietary
restriction is lifted from a data set,the original data may be lost or
degraded, ard the investigator may be unlocatable.

W present two recommendations with respect to the data accessibility
guestion. First, we suggest that stronger emphasis be placed on ensuring the
submission of data to NobC in all projects funded by public agencies. Secord,
we suggest that a mechanism be put in place whereby data collected under
private funding, but associ ated with goverrment-regulated activities (e.g.,
permtted exploration and devel opnent activities), be required to be submitted
to MDC in a tinely fashion. 1In the latter case, it could be stipulated that
the data shal | remain confidential for a specified anount of time, after which
it would became Fublicly avai | abl e. At least in such a system, t he data woul d
not be ultimtely [ost.

One of the apparent impediments | n characterizing the rel ati on between wind
and nearshore currents and between nearshare and 0f f Shore currents is the
absence Of oceanographic dat a between roughly the 10-m and 100- m iscbaths.
The obvious difficulty i s seasonal encroachment of ice and probabl e damage or
loss of moored instrument S. Data from this segment of the shelf are necessary
to investigate the transition between nearshore and of f Shore regines, which
likely involves transition from primarily wind-faced to oxean-forced
dynani cs. This is not to say that the realms of influence do not overlap, but
rather that the degree of influence changes. Whether ar not the change is

at a particular depth contour, for “instance, or gradual is not within
the resolution of existing data.

I n order to investigate dynamic processes, concanrent moorings separated both
alongshoreand of f shore are necessary. This allows i dentification of propa-
gating disturbances as well as determination of phase speeds, wave-lengths, and
possibly, cross-isobath structure. continuation of data recording to include
ice—covered ‘intervals as well as open-water intervals is desirable as a means
of looking at seasonal and annual circul ati on patterns.

Another approach t 0 supplementing cbservations is to apply computer models to
the shelf and slope regions of the Beaufort Sea coast. While such model

i nvestigations could nut be expected t0 be conclusive, they might serve to
provi de preliminary indications of types of dynamic mechanisms supported by the
topography, stratification, and external forcing that typify the area*
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